Pain on the ulnar side of the wrist remains poorly understood. As attention has shifted toward the myriad causes of ulnar-sided wrist pain, the utility of viewing the wrist from a volar ulnar (VU) perspective has emerged. Lunotriquetral ligament tears have been implicated in the pathogenesis of volar intercalated segmental instabilities. They often originate in the palmar subregion, which is most important for maintaining stability. These tears are difficult to visualize through the 4, 5, or 6R portals. They are well seen through a VU portal, and the direct line of sight facilitates debridement. The VU portal has potential use in the arthroscopic diagnosis and treatment of patientswith injuries tothe ulnarslingmechanism.Itaidsin triangular fibrocartilage repairs especially those involving the dorsal aspect between the ulnar styloid and the radial insertion, because the proximity of the 4, 5, and 6R portals makes triangulation of the instruments difficult.
| HISTORICAL PERSPECTIVE
The indications for wrist arthroscopy have steadily grown from a mostly diagnostic tool to a valuable adjunctive procedure in the treatment of myriad wrist disorders. The ulnocarpal joint has been the proverbial ''black box^ of the wrist pain. Instability of the distal radioulnar joint (DRUJ) is a hotbed for research, with new and innovative techniques appearing monthly. Although the new generation of 3-T magnetic resonance imaging scanners holds promise for the future, many of the causes of ulnar-sided wrist pain are revealed only at the time of arthroscopy. Establishing the diagnosis of a peripheral detachment of the triangular fibrocartilage complex (TFCC) or a tear of the ulnar sling mechanism remains an exacting challenge even for the experienced arthroscopist.
The clinical utility of volar portals has been recently elucidated. 1 As kinematic and biomechanical studies have shed light on the role of the dorsal capsular structures and palmar subregions of the interosseous ligaments in maintaining carpal stability, it has become prudent to view the wrist from a palmar perspective. Volar portals for wrist arthroscopy have certain advantages over the standard dorsal portals for visualizing dorsal capsular structures as well as the palmar aspects of the carpal ligaments.
Tears of the lunotriquetral (LT) ligament have been implicated in the pathogenesis of volar intercalated segmental instabilities. 2 The LT ligament consists of dorsal, proximal, and palmar subregions. The palmar subregion is the most important for maintaining stabi-lity. Sectioning the proximal and dorsal components of the LT ligament has little effect on carpal kinematics. Sectioning the proximal and palmar components of the ligament, however, results in a volar intercalated segmental instability that is increased if there is a coexisting rupture of the dorsal radiocarpal ligament. 3 Ligament tears often originate in the palmar subregion. In the study of 20 patients who underwent arthroscopy for LT ligament tears by Osterman et al, 4 the most common site of the tear was palmar and central, with intact dorsal fibers.
When viewed from the 4, 5, or 6R portals, it is often necessary to debride the proximal portion of the LT ligament to assess the palmar component. Direct visualization of the LT ligament through a volar portal obviates the need for this. 5 Pain on the ulnar side of the wrist remains poorly understood, especially when stemming from instability of the distal radioulnar joint. The dorsal radioulnar ligament (DRUL) has been shown to be important for both palmar and dorsal stability of the distal radioulnar joint. 6, 7 The extensor carpi ulnaris subsheath (ECUS) is an integral part of the dorsoulnar capsule, and it is an important stabilizer of the wrist, 8 but it is poorly seen through a dorsal portal. Although arthroscopy of the dorsal aspect of the distal radioulnar joint has been well described, 9 it has largely remained a curiosity, with few clinical indica-tions. Of late, biomechanical studies have highlighted the importance of the deep attachment of the TFCC for maintaining stability of the distal radioulnar joint. 10 Moritomo recently described a palmar repair method of the foveal insertion of the TFCC through an open volar ulnar (VU) approach using a suture anchor (International Wrist Investigator's Workshop; September 2006; Washington, DC). As attention has shifted toward the multitudinous causes of ulnar-sided wrist pain, the indication for the judicious use of a volar ulnocarpal portal and volar DRUJ portal have emerged.
| INDICATIONS Volar Ulnar Portal
The VU portal is useful for visualizing and debriding palmar tears of the LT ligament ( F1 Fig. 1 ). It also aids in the repair or debridement of dorsally located TFCC tears, because the proximity of the 4j/, 5, and 6R por-tals makes triangulation of the instruments difficult. 5 The VU portal provides unparalleled views of the DRUL and the dorsal ulnar wrist capsule ( F2 Fig. 2 ). Watson and Weinzweig 20 has described a detachment of the ulnar sling that encompasses the entire ulnar cuff of ligamentous collagen ulnar to the radius. It contains the ulnar collateral ligament and the ECUS ( F3 Fig. 3 ). Chronic impingement of a detached ulnar sling on the triquetrum has been implicated as a cause of wrist pain. He has recommended an open excision of the ulnar most segment of the displaced fibrous cuff. The VU portal has potential use in this condition.
When examined from a coronal perspective, the ulnar styloid lies relatively dorsal on the end of the ulnar head. The DRUL drapes over the dorsal aspect of the ulnar head as it converges toward the fovea. These factors limit the field of view and make it difficult to insert anything larger than a 1.9-mm scope through a dorsal DRUJ portal. There is more room on the VU aspect of the DRUJ for insertion of an arthroscope, with relatively unimpeded views of the proximal articular disk and foveal attachments. The dorsal DRUJ portals remain useful, however, for outflow and instrumentation (Figs. 2A, B).
Volar Distal Radioulnar Portal
The volar distal radioulnar (VDRU) portal is useful for assessing the deep foveal attachment of the TFCC. It may be used in cases where the suspicion of a peripheral TFCC detachment remains despite the absence of any visibletears. 21, 22 Fibrillation and/or partial-thickness tears of the deep surface of the articular disk may occur before perforation, which are readily identified. 23 Tomaino and 24 has recently described a wafer resection through an intact TFCC for the treatment of ulnar impaction syndrome. Use of the VDRU portal may negate the need for establishing a working portal through the intact articular disk. This portal is also useful for 25 In concert with the VDRU portal, the dorsal DRUJ portals may be used to more completely assess the status of the articular cartilage of the ulnar head and sigmoid notch. This information may be useful in cases of DRUJ instability or when there is the suspicion of early osteoarthritis, in which case, arthroscopy may differentiate between the need for DRUJ stabilization and ulnar head excision/arthroplasty.
| CONTRAINDICATIONS
Contraindications to the use of the VU portal and DRUJ portals would include any cause of marked swelling, which distorts the topographic anatomy, fractures involving the sigmoid notch or ulnar head, large capsular tears that might lead to extravasation of irrigation fluid, neurovascular compromise, bleeding disorders, or infection. Unfamiliarity with the regional anatomy is a relative contraindication.
| RELEVANT ANATOMY
The triangular fibrocartilaginous complex has been well described. It consists of the articular disk, meniscus homologue, palmar radioulnar ligament (PRUL), DRUL, ECUS, ulnar capsule, and the ulnolunate and ulnotriquetral ligaments. 11, 12 The PRUL and DRUL contain a superficial and a deep portion that are conjoined at the radius attachment. The superficial portion surrounds the articular disk but has no clear definable insertion into the ulnar styloid. The fibers of the deep portion of the DRUL and the PRUL interdig-itate to form a conjoined tendon as they converge toward their insertion into the fovea at the base of the ulnar styloid ( F5   Figs. 5A, B) . The foveal insertion has a greater effect on stability than the styloid insertion. Recent work suggests that DRUJ instability may be caused by ulnar detachment. 13 With an intact foveal ligament attachment, patients still may experience peripheral TFCC tear, but they may not experience the same instability as those with a total avulsion of the ulnar ligament attachments, which can be seen with an avulsion fracture of the entire ulnar styloid. 10 The ligamentum subcruetum is an inconstant region of vascularized connective tissue that lies between the foveal attachment and the ulnar styloid but by itself provides little mechanical support.
Portal Anatomy Dorsal Radioulnar Portals. Both a proximal and distal dorsal radioulnar joint portal have been described. They lie between the tendons of the extensor carpi ulnaris and the extensor digiti minimi. Transverse branches of the DCBUN were the only sensory nerves near these por-tals, at a mean of 17.5 mm distally (range, 10Y20 mm). Volar Ulnar Portal. In a cadaver study performed by the author, a VU portal was established via a 2-cm longitudinal incision made along the ulnar edge of the finger flexor tendons at the proximal wrist crease. 5 The VU portal exploits the same surgical interval as the palmar ulnar approach to the distal radius, which is used in the treatment of displaced articular fractures. The flexor tendons were retracted radially and a trocar was introduced into the radiocarpal joint. The ulnar styloid marked the proximal point of the VU portal, approximately 2 cm distal to the pronator quadratus. The portal was in the same sagittal plane as the ECUS and penetrated the ulnolunate ligament adjacent to the radial insertion of the TFC. The ulnar nerve and artery were generally more than 5 mm from the trocar, provided the capsular entry point was deep to the ulnar edge of the profundus tendons. The palmar cutaneous branch of the ulnar nerve (nerve of Henle´) was highly variable and not present in every specimen. This inconstant branch provides sensory fibers to the skin in the distal ulnar and volar part of the forearm to a level 3 cm distal to the wrist crease. Its territory may extend radially beyond the palmaris longus tendon. 16 This branch tends to lie just to the ulnar side of the axis of the fourth ray, but it was absent in 43% of specimens in one study. 17 Martin et al 18 demonstrated that there was no true internervous plane because of the presence of multiple ulnar-based cutaneous nerves to the palm, which puts them at risk with any ulnar incision. Because there is no true safe zone, careful dissection and wound-spread technique should be observed.
Volar Distal Radioulnar Portal. The topographical landmarks and establishment of the VDRU portal are identical to those of the VU portal. The capsular entry point lies 5 to 10 mm proximally. 19 
| TECHNIQUE
It is useful to have a systematic approach to viewing the wrist. The structures that should be visualized as a part of a standard exam include the radius articular surface, the proximal scaphoid and lunate, the scapholunate and lunotriquetral (LTIL) interosseous ligaments, both palmar and dorsal, and the radial and peripheral TFCC It is my practice is to establish the dorsal portals first, and then start the arthroscopic examination with a volar radial portal to visualize the palmar scapholunate interosseous ligament and the dorsal radiocarpal ligament first to minimize any error from iatrogenic trauma to the dorsal capsular structures. 26 This is followed by the VU portal to assess the palmar LTIL and DRUL, the ECUS, and the TFCC. The scope is next inserted in the 3j/4 portal, followed by various combinations of the 4j/5 portal and 6R portal. The 6U portal is mostly used for outflow but may be used for instrumentation when debriding palmar LTIL tears. Midcarpal arthroscopy is then performed to assess the integrity of the intercarpal ligaments and inspect for chondral lesions.
Volar Ulnar Portal
The VU portal is established via a 2-cm longitudinal incision centered over the proximal wrist crease along the ulnar edge of the finger flexor. The tendons are retracted to the radial side, and the radiocarpal joint space is identified with a 22-gauge needle. Blunt tenotomy scissors or forceps are used to pierce the volar capsule, followed by insertion of a cannula and blunt trocar then the arthroscope. Care is taken to situate the cannula beneath the ulnar edge of the flexor tendons and to apply retraction in a radial direction alone to avoid injury to the ulnar nerve and artery. The median nerve is protected by the interposed flexor tendons. The palmar region of the LTIL can usually be seen slightly distal and radial to the portal. A hook probe is inserted through the 6R or 6U portal.
Volar Distal Radioulnar Portal
The VDRU portal is accessed through the VU skin incision. A 1.9-mm small joint arthroscope can be used because gaining access to the DRUJ can be difficult, especially in a small wrist but I have found that a standard 2.7-mm scope provides a better field of view. The ulnocarpal joint is first identified as described above. It is useful to leave a needle or cannula in the ulnocarpal joint for reference during this step. The DRUJ is then located by angling a 22-gauge needle 45 degrees proximally and then injecting the DRUJ with saline. Alternatively, the skin incision can be extended proximally for 1 cm so that it lies at the same level as the VDRU capsular entry point. Once the correct plane is identified, the volar DRUJ capsule is pierced with tenotomy scissors, followed by a cannula with a blunt trocar and then the arthroscope. Alternatively, a probe can be placed in the distal dorsal radioulnar joint portal and advanced through the palmar incision to help locate the joint space. It can then be used as a switching stick, over which the cannula is introduced. Initially, the DRUJ space appears quite confined, but over the course of 3 to 5 minutes, the fluid irrigation expands the joint space, 
Dorsal DRUJ portals
The dorsal radioulnar joint can be accessed through a proximal and distal portal. 9 The proximal DRUJ portal is located in the axilla of the joint, just proximal to the sigmoid notch and the flare of the ulnar metaphysis. This portal is easier to penetrate and should be used initially to prevent chondral injury from insertion of the trocar. The forearm is held in supination to relax the dorsal capsule and to move the ulnar head volarly. This also lifts the central disk distally from the head of the ulna. Reducing the traction to 1 to 2 lb permits better views between the ulna and the sigmoid notch by reducing the compressive force caused by axial traction. The joint space is identified by first inserting a 22-gauge needle horizontally at the neck of the distal ulna. Fluoroscopy facilitates the needle placement. The joint is infiltrated with saline, and the capsule is spread with tenotomy scissors through a small incision. A small cannula and trocar for the 1.9-mm scope are introduced, followed by insertion of a 1.9-mm 30-degree-angle scope. Entry into this portal provides views of the proximal sigmoid notch cartilage and the articular surface of the neck of the ulna. One should systemat-ically look for loose bodies or synovial hypertrophy.
The distal DRUJ portal is identified 6 to 8 mm distally with the 22-gauge needle and just proximal to the 6R portal. This portal can be used for outflow drainage or instrumentation. It lies on top of the ulnar head but underneath the TFC; hence, it cannot be used in the presence of a positive ulnar variance. The TFC has the least tension in neutral rotation of the forearm, which is the optimal position for visualizing the arti-cular dome of the ulnar head, the undersurface of the TFC, and the foveal insertion of the PRUL. Because of the dorsal entry of the arthroscope, the course of the DRUL is not visible until its attachment into the fovea is encountered.
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Author's Own Experience
The VU portal has been used in 47 patients since 1998. The ulnar-sided pathology included 17 tears of the LTIL ligament, 14 TFC tears, and 2 ulnolunate ligament tears. The views through the VU portal facilitated debridement of the palmar region of the LTIL ligament using a resector in the 6R or 6U portals. In 3 of these patients, unrecognized chondro-malacia of the palmar aspect of thelunatewasidentified ( The volar aspect of the distal radioulnar joint was accessed in 5 of these patients to rule out a peripheral TFC tear. The DRUJ was well visualized, demonstrating an intact articular disk in 4 and a full-thickness tear with undersurface fibrillation in 1 ( F7 Fig. 7) . The foveal attachment of the TFC was seen to be intact in each case ( F8   Figs. 8A, B) .
| COMPLICATIONS
Early in the series, one patient complained of dimin-ished sensation over the hypothenar eminence after extended use of the 6U and VU portal for debridement of a palmar LTIL tear. Nerve conduction studies, how-ever, were normal. There were, otherwise, no compli-cations in the way of neurovascular or tendon injury.
| REHABILITATION
The postoperative rehabilitation is dictated by the treatment of the specific pathology. Finger motion and edema control are instituted immediately. After arthroscopic debridement or an isolated wafer resection of the distal ulna, wrist range of motion exercises are instituted within 3 to 5 days postoperatively, followed by gradual strengthening. If the patient has trouble regaining supination, immobilizing the arm in supination with use of a long arm splint in between exercises is beneficial.
